Abstract
Johnstone argues that we encounter life on the macro level. On the macro level science is what students do in the laboratory or experience in real life. However, science, to be more fully understood, has to move to the submicro situation where the behaviour of substances and physical phenomena are interpreted in terms of the unseen and recorded in some representational notation and models. Science is traditionally taught almost entirely from the submicro and representational forms with the macro, or real life, aspects often being divorced from the rest of the subject or added as an afterthought. Where this approach has been reversed to use a real life context to drive the learning evidence has demonstrated that students engage much more enthusiastically with their learning [5] [6] [7] . It is this definition of context-based learning that is used in this paper.
Issue 3
Review module called 'The Steel Story' to teach redox, electrochemistry and d-block chemistry. The Salters Horners A-Level physics course (Salters Horners Advanced Physics from http://www.york.ac.uk/org/seg/salters/physics/index.html) uses modules such as 'Transport on Track' to teach force, momentum, electromagnetic forces and 'Build or Bust' to teach simple harmonic motion, forces vibrations, resonance and damping. The Higher Education sector has also seen a growth in provision that presents science in real-world contexts, such as forensic science, sports science and astronomy.
What is problem-based learning?
Problem-based learning (PBL) can be considered to be a subcategory of context-based learning. In PBL, as in CBL, the curriculum is organised and driven by real life contexts. In PBL these contexts are presented in the form of problem scenarios. An important feature of PBL is that the problems or scenarios are encountered before all the relevant learning has taken place and act as the driver for new learning. Thus PBL is distinct from problem solving where problems are generally encountered after learning had taken place. A course that is delivered entirely by PBL would have no lectures and students would work in groups throughout the process, with tutors acting as facilitators. A good introduction to PBL has been published by Boud and Feletti 9 which contains short chapters grouped into themes, including getting started, design and implementation, and assessment and evaluation.
Problem-based learning first appeared 1969 as a new approach to medical education at McMaster University in Canada. It was developed as an educational approach drawing on philosophy, psychology, and educational research. According to Barrows 10 , PBL can be explained as "the learning that results from the process of working toward the understanding or resolution of a problem". Savery and Duffy 11 have used Barrow's model to demonstrate that PBL fits easily within the framework for effective learning described by the constructivist learning theory. Constructivism is a philosophy of learning founded on the premise that, by reflecting on our experiences, we construct our own understanding of the world we live in. PBL learning is a process of building on prior knowledge, problem solving, using critical thinking approaches and reflecting 12 .
There has been considerable research carried out that compares PBL medical students with traditional medical students. Many of these findings may be generalisable to the application of PBL in other disciplines. For example, research into reasoning skills found that PBL students tended to reason backwards from clinical information to theory whereas traditional students tended to reason forward from theory and stayed closer to clinical facts 13 . There is evidence that PBL students perform less well on written examinations of knowledge 14 but perform better on skills based assessments 15 . Some studies have shown that PBL students show different study skills to conventional students. PBL students have been found to use a wider range of information sources and feel more confident in using information 16 . PBL students have been found to be more likely to study for meaning than conventional students 17 .
How does PBL work?
PBL is different from other forms of learning in that the students work in teams throughout and move towards a solution to the problem together by gathering and sharing information and ideas. There are several formal models of PBL and these are strictly adhered to in some disciplines, particularly medicine and associated professional disciplines, Generally, during the first classroom session the students are divided into groups and presented with the problem. They may brainstorm in order to clarify the nature of the problem and identify their learning needs. They may delegate roles within the groups and share existing knowledge. The tutor's role is one of observation, guidance and support. Outside the classroom session, the students engage in independent study in order to fill any gaps in subject knowledge. They come together again in a group or classroom session to share and critically evaluate resources and information gathered. Using the newly acquired information they work towards a solution to the problem. Again, the tutor's role is one of guidance and support. This cycle of independent study, group interaction and critical analysis may be repeated as many times as dictated by the problem. Eventually the students present their solution and reflect on the process and solution.
Context and Problem-based Learning

What about assessment?
As this is a very different type of learning activity it may not be appropriate to assess students in a traditional way. The assessment should be matched to the desired learning outcomes. Assessment may focus on the solution to the problem, or the problem solving process or the skills development aspect. Tutors must decide whether they wish to give each member of a group the same mark or whether they wish to build in an individual element. Students may be involved in assessing each other's contribution to the activity or may be involved in self-assessment and reflection. Useful assessment tools include; reflective logs and diaries, written reports, oral presentations, posters or the product from practical activity.
Examples from chemistry
Context and problem-based learning in chemistry has grown in popularity over the past 5 years and new and innovative examples are continuing to appear. Belt et al have produced a suite of C/PBL resources for analytical chemistry drawing on contexts in industrial, pharmaceutical, environmental and forensic chemistry 6, 18 . These resources deliver learning outcomes in analytical chemistry as well as a range of transferable skills. Green chemistry has also been used as a context for chemistry 19, 20 where the aim has been to raise the issue of green chemistry as it relates to the chemical industry.
In another example, sport was used as the context to meet learning outcomes in biochemistry, simple thermodynamics and materials chemistry 21 . Environmental chemistry is another context that lends itself to delivery of the chemistry curriculum 22 . It might be expected that the traditional branches of chemistry; inorganic, organic and physical, would be more difficult to deliver via context or problem-based learning as the applications and real life contexts are less obvious. Some success has been achieved however and a collection of resources in these braches has been published by the Royal Society of Chemistry 23 . The PBL approach has also be applied successfully to the undergraduate chemistry laboratory. McGarvey has collaborated with industry to produce a suite of physical chemistry experiments 24 and McConnell et al have produced PBL mini-projects which utilise contexts such as cosmetics, food and forensic science 25 .
Examples from physics
Problem-based learning in physics has emerged in the UK and Ireland over the last 5 years, largely stimulated by the efforts of groups at Leicester University and Dublin Institute of Technology. A comprehensive guide to PBL in physics which contains a large number of examples, including the work of these two groups, has been published by the Physical Sciences Centre 26 .
PBL has been used in the undergraduate physics laboratory 27 and in small group projects 28 . One interesting application of PBL has involved the use of images, rather than the usual textual questions, equations and formulas 29 . An extensive post-16 curriculum uses contexts in sport, food, and the environment to teach basic physics 30 . The authors of this curriculum warn against using contexts which potentially alienate sections of the student population and to take care to consider gender and cultural issues PBL resources on the web A search under 'problem-based learning' using the Google search engine finds eight million hits with no trouble at all. Most PBL websites give a definition of the key characteristics of problem-based learning and extol the virtues of the approach. Most give extensive lists of links to other sites and, consequently, almost any PBL website is a reasonable starting point. Few attempt to give any sort of realistic advice on implementation, overcoming difficulties, preparing staff and students or writing problems. Even fewer sites give examples of problems and many that do give materials which are, to say the least, disappointing. Much of what is presented as PBL is really no more than reasonably creative problem solving.
Context and Problem-based Learning
A search under 'problem-based learning' using the Google search engine finds eight million hits with no trouble at all. The University of Adelaide's Advisory Centre for University Education is home to 'Leap into PBL'. This site is aimed primarily at the university teacher who wishes to explore this approach for the first time, but may also be useful to the teacher who has 'dabbled' with PBL. The site aims to provide a structure around which practitioners can build their own course. It includes a step-by-step induction to PBL and covers a wide range of issues such as training staff, preparing students, assessment, evaluation, dealing with non-participation, keeping the groups going, timetabling sessions, etc. It also provides guidance on writing problems that do not gloss over the effort and time involved. This s a very useful and practical site and is a good staring point, especially for the lecturer new to PBL. 
